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During February and early March of 1992 we made the second
cruise of an ongoing study of the cycling of biogenic silica in the
Ross Sea. This work is part of  coordinated interdisciplinary effort
to understand the biogeochemical cycling of organic and siliceous
matter in the Antarctic, being conducted in collaboration with W. 0.

Smith, University of Tennessee (primary productivity and On-
ganic-matter cycling) R. B. Dunbar, Rice University (vertical
fluxes of organic and siliceous material through the water col
umn) and D. J. DeMaster, North Carolina State University (sedi+
ment accumulation and early digenesis of silica and carbon).

In 1990 and 1992 sampling was performed from the RIV Polar
Duke. In both years we collected data over the entire Ross Sea
shelf, emphasizing transects about 600 kilometers in length ex-
tending eastward from the shore-fast ice near the Victoria Land
coast (Nelson and Gordon 1990, figure 1).

In this report we summarize data on silica production rates in
1990 and make a comparisonbetween nutrient and biogeruc silica
distributions observed in 1990 and 1992.

During the summers of 1990 and 1992 the spatial distributions
of phytoplankton biomass and nutrients in the upper water
column of the Ross Sea were strongly influenced by an intense,
diatom-dominated phytoplankton bloom in the vicinity of the
receding ice edge (figure 1). As had been observed in previous
years (e.g. Smith and Nelson 1985; Nelson and Smith 1986), this
bloom developed within a lens of low-salinity meltwater and was
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Figure 1. Salinity, nutrient, and iogenic silica distributions in the upper 80 meters along a 600-kilometer east-west section in the southern Ross
Sea (7630' S). All contours are in micromoie 1.1 a-d 14-16 January; e-h 8-10 February 1992. The black bar in each panel indicates the approximate
location of the ice edge. Locations of the three stations for which profile data are presented in figure 2 are shown at the top of (A).
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cl taracterizedby high concentrations ofbiogenic particulate silica.
if ogenic silica levels within the bloom exceeded 25 micromoles
per liter in January 1990 and 15 micromoles per liter in February
1992. The difference may reflect different stages in the seasonal
cycle of bloom development and dissipation, or an interannual
difference in bloom intensity.

To the east of the ice-edge bloom, nutrient and biogenic silica
distributions differed significantly in the 2 years. In January 1990
tf re were secondary maxima in phytoplankton biomass, with

sociated nutrient minima, centered 250-500 kilometers seaward
ol the ice edge, and apparently unrelated to meltwater effects
(f gure la-d). The species composition of the phytoplankton in
these more easterly features was very different from that in the
western ice-edge bloom. While the ice-edge assemblage was
composed mainly of three pennate diatoms of the genus Nitzschia,

e biomass maxima to the east had more diverse assemblages with
veral centric diatoms and the prymnesiophte Phaeocystis pouchetii,

all reasonably abundant. While biogenic silica concentrations in
e more easterly features were only about one-third as high as

th ose within the main bloom (figure ic), they were comparable to
those found in highly productive, diatom-dominated coastal sys-
tens, such as the Peru upwelling region or the eastern Bering Sea
(Nelson etal. 1981; Banahan and Goering 1986). During February
o4 1992, no such maxima in biogenic silica or minima in nutrient
concentrations was observed in the central or eastern Ross Sea
(figure id-f), and high concentrations of Phaeocysits were not en-
countered. As in the case of the western bloom, we do not know
whether the difference between the 1990 and 1992 data sets results
primarily from a seasonal or an interannual difference.

In both 1990 and 1992, we performed tracer studies with
silicon-30 to measure production and redissolution rates of bio-
genic silica in the upper 50-80 meters. At this writing (May 1992),
samples from the 1992 cruise have not yet been returned to our
laboratory for isotopic analysis, but samples from most 1990
stations have been analyzed. The ice-edge diatom bloom in the
western Ross Sea was characterized by elevated rates of biogenic
silica production in addition to high standing stocks of siliceous
particulate matter. Figure 2 shows vertical profiles of biogenic
silica concentrations and silica production rates at three represen-
tative stations: one within the ice-edge bloom, one within one of
the secondary biomass maxima east of the bloom, and one in an
area of relatively low biomass. Higher silica production rates in
the upper 20 meters in the ice-edge zone (figure 2b) were ob-
served consistently from mid-January through early February of
1990. Neither the concentration nor the production rate of bio-
genic silica at depths greater than 25-30 meters differed greatly
between the ice-edge bloom area and rest of the Ross Sea.

On a vertically integrated basis, the mean production rate of
silica within the ice-edge diatom bloom in 1990 was approxi-
mately three times greater than in areas away from the bloom
(table 1). The mean production rate measured within the bloom,
about 35 micromoles per square meter per day, was quite similar
to the mean of 38 micronmoles per square meter per day mea-
sured in late January and early February 1983 (Nelson and Smith
1986). However, the mean of about 12 micromoles per square
meter per day for waters outside the bloom was four times that
assumed in a previous estimate of the annual rate of silica
production in the Ross Sea (Jones et al. 1990). That estimate was
2.3 moles per square meter per day, with 83 percent of the total
attributable to the ice-edge bloom. Keeping the same assumption
used by Jones et al. (1990) regarding bloom duration and rate of
ice retreat, and including 1990 field data showing significantly
higher rates of silica production during summer in areas unaf-

fected by the ice-edge bloom, yields a revised annual estimate of
3.5 moles per square meter per day. The bloom accounts for 1.9
moles per square meter per day, or 54 percent of the annual total.

The ratio of biogenic silica production to organic carbon
production in the euphotic zone averaged 0.23 (by moles) within
the ice-edge bloom and 0.16 in other areas of the Ross Sea (table 1).
This corresponds to silica-to-carbon mass ratios of 0.8 to 1.2. These
values are similar to ratios reported for antarctic phytoplankton
from other locations (e.g., Nelson et al. 1987; Treguer et al. 1991).
The data contrast sharply with much higher values reported for the
same bloom system in January, 1983 (Nelson and Smith 1986). In
that study the mole ratio of biogenic silica production to organic
carbon production averaged 0.57, with a maximum value of 1.0.
The reason for the large difference between 1983 and 1990 data sets
is not clear. The 1983 bloom was dominated by the same three
diatom species that were most abundant in 1990 (Wilson etal. 1986).
Even with the 1983 data included, measured ratios of production
rates are about 39 times lower than the silica to carbon ratios of the
surface sediments in the Ross Sea (e.g., Dunbar et al. 1989). This
relationship indicates that the opal-rich, organic-poor sediments
must result primarily from differential recycling of silica and
organic matter within the water column.

We thank Julie Arington, Aude Leynaert, Bernard Queguiner
and Andy Ross for their very valuable work aboard the Polar Duke
in 1992, and Joe Jennings and Consuelo Carbonell-Moore for their
help in post-cruise data processing. Discussions with Dave
DeMaster, Paul Treguer and Walker Smithhave helped us greatly
in understanding the biogeochemical system of the Ross Sea, and
Smith also provided the primary productivity data summarized
in table 1. This work was supported by National Science Founda-
tion grant DPP 88-17441 to Oregon State University.
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Figure2. Biogenic particulate silica concentrations (A)and production
rates (B) at three stations representative of different biological
conditions in the southern Ross Sea during January 1990. Closed
circles denote station 8 taken in an area of low phytopiankton
biomass, and triangles denote station 23 taken In a less pronounced
biomass maximum circa 500 kilometers east of the ice edge.
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The accumulation and regeneration
of biogenic silica and organic carbon

in Ross Sea sediments
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sured in incubated subcores) to evaluate seabed rates of biogenc
silica and organic carbon regeneration (figure 2). During the 19
field cruise, cores were collected from 65 stations (DeMaster eta
1990). We reoccupied 12 of these stations during the 1992 cruir
to evaluate the steady-state nature of porewater fluxes from the
seabed. Organic matter carbon-14 chronologies are being used t
establish rates of sediment accumulation in the study area. Alon
the southernmost transect, accumulation rates range from 250
centimeters per 1,000 years in Granite Harbor (a coastal basin) t
1.6 centimeters per 1,000 years at Mooring Site B (DeMaster et al.
1992). The intensity of bioturbation in the seabed is being evalU-
ated with Lead-210 profiles and x-radiography of sediment cores.
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Accumulation rates and regeneration rates for biogenic silica
and organic carbon are being measured in Ross Sea sediments. As
part of a larger project examining biogeochemical fluxes in the
waters and sediments of the Ross Sea (DeMaster et al. 1992), this
research provide information that allows a comparison of surface
biogemc production rates withbiogenic accumulation rates in the
seabed below. This study evaluates lateral transport of material
based on data from current meters and transmissometers moored
at three Ross Sea locations for a period of two years (Nittrouer et
al. this issue). In formation of this type is essential for an under-
standing of the oceanographic processes that control the recy-
cling and accumulation of biogenic material in high-latitude
environments.

During February 1992 we conducted the concluding field
program for the Ross Sea Project. Using the USCGC Polar Sea and
the R/V Polar Duke, we successfully recovered our three moor-
ings and occupied 146 stations (figure 1). We collected sediment
with a kasten corer and/or a spade box corer at 36 stations. We
used porewater nutrient analyses and flux core data (time series
of nutrient concentrations in waters overlying the seabed, mea-
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Figure 1. Station locations from the 1992 Ross Sea field cruise.
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